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references therein). We also should not 
ignore the possibility of other endog-
enous signals that come from the 
vasculature to the stem cells. Given 
the importance of the vascular niche 
to a variety of stem cells, understand-
ing the signaling pathway for stem cell 
activation in the carotid body could 
have broader implications.
Perhaps the most exciting aspect 
of the discovery of carotid body 
stem cells is their potential for clini-
cal application. Parkinson’s disease 
is a debilitating neurological disorder 
characterized by loss of dopaminer-
gic neurons of the substantia nigra 
that project to the striatum. Intrastri-
atal grafting of dopamine-producing 
cells is an attractive therapeutic strat-
egy. Glomus cells are a promising 
cell source, because they are readily 
obtained from the carotid body of the 
patient, thus obviating the need for 
immunosuppressive therapies that 
would accompany the transplanta-
tion of nonautologous donor cells. 
Furthermore, these cells thrive in low-
oxygen tension, conditions typical 
of brain parenchyma. Lopez-Barneo 
and colleagues showed that trans-
plantation of carotid body cell aggre-
gates significantly ameliorates motor 
deficiency in a rat model of Parkin-
son’s disease (Espejo et al., 1998), 
and recent clinical trials using cell 
aggregates derived from the carotid 
body have reported encouraging 
results in Parkinson’s patients (Min-
guez-Castellanos et al., 2007). How-
ever, a limitation is the small number 
of cells that can be extracted from 
the carotid body. The identification of 
carotid body stem cells may make it 
possible to generate sufficient cells 
ex vivo for transplantation and allow 
for genetic manipulation of the cells 
if necessary.
Although adult stem cells have 
been vilified by some, largely due to 
misrepresentation of their plasticity 
by crusaders against embryonic stem 
cells, the findings by Pardal et al. and 
others point to their promise. Now is 
the time to embrace the entire breadth 
of stem cell biology and to celebrate 
the discovery of new stem cell niches 
and the growing possibilities of stem 
cell-related therapies.
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Polymerization of actin filaments powers many dynamic cellular events and is directed by a 
small group of actin nucleators. In this issue, Ahuja et al. (2007) identify and characterize a 
new actin nucleator called cordon-bleu (Cobl) that may drive morphogenesis of the central 
nervous system during development.Actin filaments contribute to almost 
all types of cellular movement. They 
are involved in wound repair, orches-
trating morphogenesis, establish-
ing neuronal circuits, and defending 236 Cell 131, October 19, 2007 ©2007 Eagainst invading pathogens. Actin 
generates force and builds cellular 
structures through the assembly, 
disassembly, and organization of net-
works of filaments. The rate-limiting lsevier Inc.step of actin filament formation is 
nucleation—that is, the assembly of 
a stable F actin-like “seed” from ATP 
actin. The Arp2/3 complex, formins, 
and a recently discovered protein 
called Spire each nucleate actin fila-
ments via distinct mechanisms, cre-
ating different filament networks. In 
this issue, Britta Qualmann, Michael 
Kessels, and their colleagues (Ahuja 
et al., 2007) describe a new actin 
nucleation factor called cordon-bleu 
(Cobl) and implicate this activity of 
Cobl in driving morphogenesis of the 
central nervous system.
Ahuja and colleagues observed that 
in rat-brain extracts depleted of the 
Arp2/3 complex, beads coated with 
Abp1 or syndapin I—two proteins that 
affect actin dynamics through their 
interaction with the activator of the 
Arp2/3 complex N-WASP—recruited 
actin around them. The authors then 
used a yeast two-hybrid screen to 
identify proteins that interact with 
Abp1 and syndapin I. Through this 
approach, they identified Cobl, an 
intriguing candidate actin nucleator 
because it contained three copies 
of a well-characterized actin-bind-
ing domain, the WASP homology 2 
(WH2) motif. WH2 motifs coordinate 
a diverse array of functional interac-
tions between actin monomers and 
filaments. For example, the WH2 
motif in thymosin β4 sequesters actin 
monomers, whereas WH2 motifs in 
Spire, N-WASP, ciboulot, and Ena/
VASP bind G-actin and promote actin 
nucleation and filament elongation. 
Meanwhile, in MIM and IRSp53, WH2 
motifs may target MIM or IRSp53 
to specific actin networks (Paunola 
et al., 2002; Dominguez, 2007). As 
Cobl’s WH2 motifs are clustered near 
its C terminus, a polypeptide derived 
from the C terminus (Cobl-CT) was 
used to study Cobl’s interactions with 
actin filaments in vitro.
Cobl-CT influences filament 
dynamics in vitro in a variety of 
ways. Like many other WH2 motifs, 
each of Cobl’s WH2 motifs in isola-
tion binds to and sequesters actin 
monomers. Furthermore, actin copu-
rifies in a high-affinity 1:1 complex 
with Cobl-CT. Cobl-CT binds to actin 
filaments, associates with the grow-
ing (barbed) ends of actin filaments, 
and promotes actin polymerization in 
a dose-dependent manner. All three 
WH2 domains are required for robust 
polymerization and for binding to fila-ments. Surprisingly, high concentra-
tions of Cobl-CT inhibit actin polym-
erization; inhibition could occur if 
Cobl-CT sequesters actin monomers 
or dissociates slowly from the barbed 
ends of filaments.
How does Cobl promote actin fila-
ment assembly? Actin polymerization 
can be accelerated by increasing the 
rate of filament growth or by gener-
figure 1. nucleation of Actin filaments 
by Proteins with WH2 Motifs
In each case, the stable nucleus is suitable for 
rapid “barbed-end” addition of new ATP-actin 
monomers (light orange). Formins are exclud-
ed here because they nucleate actin filaments 
using a different actin-binding motif, the FH2 
(formin homology 2) domain. 
(Top) In cordon-bleu, two WH2 motifs (blue 
segment) recruit ATP-actin monomers (dark 
orange) to form a linear actin dimer. A short 
linker (short green segment) permits a close 
association between the linearly arranged ac-
tin subunits; a longer linker (long green seg-
ment) permits a third ATP-actin monomer to 
bind to the most carboxy-terminal WH2 motif 
to assemble in a cross-filament orientation, 
creating a trimeric actin nucleus. 
(Middle) In Spire, each of four closely spaced 
WH2 motifs (blue segment) recruits an ATP-
actin monomer, generating a single-stranded, 
linear actin tetramer. Additional ATP-actin 
monomers associate along this tetramer to 
complete the two-start helical actin filament 
nucleus. 
(Bottom) In the case of the Arp2/3 complex and 
WASP, WASP (yellow segment) binds to and 
activates the Arp2/3 complex (purple struc-
tures) by orienting the Arp2 and Arp3 subunits 
in a conformation similar to the barbed end of 
actin filaments. The WH2 motif (blue segment) 
in WASP recruits ATP actin that binds to either 
Arp2 or Arp3 to complete the trimeric actin 
nucleus. Actin filaments required for activating 
Arp2/3 complex nucleation are not shown.Cell 131, Ocating new filaments. Ahuja and col-
leagues propose that Cobl promotes 
polymerization by nucleating actin 
filaments with fast-growing barbed 
ends. In their model, Cobl stabilizes 
a trimeric actin nucleus composed 
of a linear actin dimer bound to the 
first two closely-spaced WH2 motifs 
of Cobl and a third actin monomer 
bound in cross-filament orientation to 
the third Cobl WH2 motif (Figure 1). 
In this model, linker L2 must be long 
enough to span the trimeric nucleus. 
Indeed, the length of linker L2, but 
not its sequence, is critical for potent 
actin polymerization, supporting this 
trimeric structure for the Cobl-F-ac-
tin “seed.” In contrast, Spire, which 
contains four closely-spaced WH2 
motifs plus an actin-binding linker, is 
proposed to nucleate actin filaments 
by stabilizing the association of four 
actin monomers along a single strand 
of the two-start helical actin filament 
(Quinlan et al., 2005) (Figure 1).
More experiments are required to 
determine if Cobl also influences fila-
ment elongation like some WH2-con-
taining proteins (such as ciboulot and 
MIM), particularly in the presence of 
profilin. Profilin binds to actin mono-
mers and catalyzes ATP exchange on 
actin, forming a profilin-actin complex 
that promotes growth of filaments at 
their barbed ends. Within linker L2 of 
Cobl are conserved stretches of proline 
residues, which may bind profilin-actin. 
Profilin-actin together with some form-
ins enhance the rate of filament growth 
several fold (Kovar and Pollard, 2004). 
Similarly, profilin-actin enhances actin 
assembly in the presence of Ena/VASP 
proteins, which possess WH2-like 
motifs adjacent to profilin-actin bind-
ing sites (Barzik et al., 2005). Addition-
ally, studying the activities of full-length 
Cobl in combination with its interact-
ing partners, Abp1 or syndapin I, and 
N-WASP and Arp2/3 complex, may 
reveal interesting synergy between 
these actin nucleators.
Does Cobl orchestrate filament for-
mation in vivo? Ahuja et al. observed 
that expression of GFP-Cobl and GFP-
Cobl-CT induces formation of promi-
nent F-actin-rich ruffles at the periph-
ery of COS-7 cells. In neurons, Cobl is 
enriched along neurites and with F-ac-tober 19, 2007 ©2007 Elsevier Inc. 237
tin of growth cones. Cobl had been 
shown previously to be expressed in 
the earliest neural “organizer” of gas-
trulating vertebrate embryos (Gasca 
et al., 1995), along the axial midline in 
later stages (Carroll et al., 2003) and 
in adult brains. To determine if Cobl 
influences neuronal morphogenesis, 
Cobl was overexpressed or depleted 
in cultured hippocampal neurons. Hip-
pocampal neurons in culture elabo-
rate neurites that differentiate into one 
axon and a small, relatively invariant 
number of dendrites (four to six, on 
average) (Arimura and Kaibuchi, 2007). 
Axons and dendrites also form exten-
sive arbors that branch in patterns 
characteristic for each type of neuron. 
Overexpression of Cobl-CT in cultured 
hippocampal neurons induced many 
stubby, dendritic extensions with no 
effects on axon number or growth; in 
addition, the number of axonal and 
dendritic branches was increased. 
Conversely, RNAi-mediated deple-
tion of Cobl decreased the number 238 Cell 131, October 19, 2007 ©2007 Eand extent of branching of neurites. 
Hence, Cobl appears to regulate den-
drite specification and morphology.
Many important questions regard-
ing the role of Cobl in neurite formation 
remain. How do actin nucleators like 
Cobl intersect with pathways that spec-
ify patterning of neurites—such as the 
par3/6/aPKC complex and PI3 kinase 
that guide axonogenesis (reviewed in 
Arimura and Kaibuchi, 2007)? Might 
filament nucleation by Cobl specify 
budding of new dendrites, drive den-
drite extension, or facilitate secretory 
traffic required for dendritic growth 
(Ehlers, 2007)? Furthermore, one would 
like to observe the temporal and spa-
tial relationship between Cobl nucle-
ation activity and sprouting/branching 
of nascent dendrites. Given that WH2 
motifs confer a flexible array of func-
tions to actin-regulatory proteins, eval-
uating Cobl’s actin-remodeling activity 
within the context of cells and whole 
organisms during the formation of neu-
ronal circuits is necessary.lsevier Inc.RefeRences
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